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(57) ABSTRACT

A temperature regulating nylon fiber includes a fiber body
and a phase change composition. The phase change com-
position 1s doped 1n the fiber body and 1includes 4350 parts by
weight to 550 parts by weight of a polytetrahydrofuran
derivative and 5 parts by weight to 20 parts by weight of a
succinic anhydride derivative. Based on 100 parts by weight
of the temperature regulating nylon fiber, a content of the
phase change composition 1s between 6 parts by weight and
12 parts by weight.
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TEMPERATURE REGULATING NYLON
FIBER

RELATED APPLICATIONS

This application claims priornity to Taiwan Application

Serial Number 109116539, filed May 19, 2020, which 1s
herein incorporated by reference.

BACKGROUND
Field of Invention

The present disclosure relates to a nylon fiber, and par-
ticularly relates to a nylon fiber having a temperature

regulating property.
Description of Related Art

In recent years, global greenhouse eflect has caused
extreme climate changes, and extremely cold and hot cli-
mates have also changed the clothing style. Accordingly,
technologies have been introduced into conventional cloth-
ing to strengthen the warmth retention property thereof. A
phase change material 1s a substance which can undergo
phase conversion within a specific temperature range, which
1s often accompanied by absorbing or releasing a large
amount of latent heat during the phase conversion process.
The most important feature of the phase change material 1s
that when 1t absorbs or releases a large amount of latent heat,
the temperature of the environment nearby can still be
maintained within a certain range. Therefore, the phase
change material 1s often applied to related fields of thermal
fabrics. However, how to overcome the limitations when
introducing the phase change material into fabrics 1s still an
important issue in the textile industry.

SUMMARY

An aspect of the present disclosure relates 1n general to a
temperature regulating nylon fiber, which 1s suitable for
applying to fabrics to make the fabrics achieve a good
warmth retention eflect.

According to some embodiments of the present disclo-
sure, the temperature regulating nylon fiber includes a fiber
body and a phase change composition. The phase change
composition 1s doped in the fiber body and includes 450
parts by weight to 550 parts by weight of a polytetrahydro-
furan derivative and 5 parts by weight to 20 parts by weight
of a succinic anhydride derivative. Based on 100 parts by
weight of the temperature regulating nylon fiber, a content of
the phase change composition 1s between 6 parts by weight
and 12 parts by weight.

In some embodiments of the present disclosure, a phase
change temperature of the phase change composition 1is
between 21° C. and 29° C.

In some embodiments of the present disclosure, a latent
heat of the phase change composition 1s between 60 J/g and
95 J/g.

In some embodiments of the present disclosure, an 1nitial
pyrolysis temperature of the phase change composition 1s
between 260° C. and 330° C., and a maximum pyrolysis
temperature ol the phase change composition 1s between
350° C. and 410° C.

In some embodiments of the present disclosure, a weight
average molecular weight of the polytetrahydrofuran deriva-
tive 1s between 1800 g/mole and 3200 g/mole.
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In some embodiments of the present disclosure, a weight
average molecular weight of the phase change composition

1s between 20000 g/mole and 30000 g/mole.

In some embodiments of the present disclosure, the phase
change composition includes 9 parts by weight to 20 parts by
welght of a maleic anhydrnide derivative.

In some embodiments of the present disclosure, the phase
change composition includes 0.25 parts by mole to 0.99
parts by mole of a first structural unit and 0.01 parts by mole
to 0.75 parts by mole of a second structural unit. The first
structural unit 1s represented by formula (1),

O
® O
WOM \,F?
O

and the second structural unit 1s represented by formula (2),

O
G O
WOH‘\/\H/ \,,g:
O

in which n 1s a positive mteger between 25 and 48.

formula (1)

formula (2)

In some embodiments of the present disclosure, the phase
change composition includes 10 parts by weight to 25 parts
by weight of a linear fatty acid dernivative.

In some embodiments of the present disclosure, the phase
change composition includes 0.40 parts by mole to 0.80
parts by mole of a first structural unit, 0.01 parts by mole to
0.40 parts by mole of a second structural unit, and 0.18 parts
by mole to 0.22 parts by mole of a third structural unit. The
first structural unit 1s represented by formula (1),

O

. O

\[./\/\OHI\/\[( .,
O

the second structural unit 1s represented by formula (2),

O
6 O
WOM \*?
O

formula (1)

formula (2)
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and the third structural unit 1s represented by formula (3),

formula (3)

O 5,
O

in which n 1s a positive iteger between 25 and 48.

In the aforementioned embodiments of the present dis-
closure, since the temperature regulating nylon fiber of the
present disclosure includes the fiber body and a specific
amount of the phase change composition doped 1n the fiber
body, and the phase change composition further includes a 4
specific amount of the polytetrahydrofuran derivative and
the succinic anhydride denivative, the temperature regulating,
nylon fiber of the present disclosure has a good temperature
regulating property, and thus can be applied to related fields
of wearable thermal fabrics. 20

10

DETAILED DESCRIPTION

In the present disclosure, the structure of a polymer or a
functional group 1s sometimes represented by a skeleton 25
formula. This representation can omit carbon atoms, hydro-
gen atoms, and carbon-hydrogen bonds. Certainly, 11 the
atom or atom group 1s clearly drawn 1in the structural
formula, the drawing shall prevail.

The present disclosure provides a temperature regulating 30
nylon fiber including a fiber body and a phase change
composition doped in the fiber body. Since the phase change
composition 1s doped 1n the fiber body by a specific amount,
and the phase change composition further includes a specific
amount of a polytetrahydrofuran dertvative and a succinic 35
anhydride derivative, the temperature regulating nylon fiber
of the present disclosure has a good temperature regulating
property, such that the temperature regulating fabric there-
through has a good warmth retention property.

The temperature regulating nylon fiber includes the fiber 40
body and the phase change composition. A base material of
the fiber body 1s nylon. The phase change composition 1s
doped 1n the fiber body by a specific amount to provide a
good temperature regulating property to the temperature
regulating nylon fiber. Specifically, based on 100 parts by 45
weight of the temperature regulating nylon fiber, a content of
the phase change composition 1s between 6 parts by weight
and 12 parts by weight. In addition, the phase change
composition includes 4350 parts by weight to 550 parts by
weight of the polytetrahydrofuran derivative and 5 parts by 50
weight to 20 parts by weight of the succinic anhydride
derivative, thereby having suitable latent heat and phase
change temperature.

In some embodiments, a weight average molecular weight
of the phase change composition may be between 20000 55
g/mole and 30000 g/mole, such that the phase change
composition can have good compatibility with the fiber
body, thereby providing good fiber morphology to the tem-
perature regulating nylon fiber. In addition, the phase change
composition with the above weight average molecular 60
welght can have good heat resistance, so as to avoid pyroly-
s1s and tlashover during the melt-spinning process to ensure
the safety and stability of the manufacturing process. Fur-
thermore, the phase change composition with the above
welght average molecular weight may undergo phase con- 65
version between a solid state and an elastomer (colloid)
state, so as to be directly doped 1n the fiber body to provide

4

a single-component temperature regulating nylon fiber. In
detail, the phase conversion of the conventional phase
change materials usually occurs between solid and liquid
states, and while concerning the problem of liquid leakage,
it 1s olten necessary to coat the phase change materials 1n
microcapsules before introducing it into the fiber body, or 1t
1s oiten necessary to make the phase change materials into
a two-component fiber (e.g., a sheath-core fiber) to over-
come the problem of liquid leakage. Therefore, compared to
the conventional phase change matenals, since the phase
conversion of the phase change composition of the present
disclosure occurs between the solid and elastomer (colloid)
states, 1t can be made 1nto a single-component temperature
regulating nylon fiber. Accordingly, the manufacturing pro-
cess of the temperature regulating nylon fiber 1s simplified,
and the user 1s provided with portability and comiort. In
addition, since the phase conversion of the phase change
composition of the present disclosure occurs between the
solid and elastomer (colloid) states, 1t can avoid the greasi-
ness on the surface of the fiber body due to melting migra-
tion during the melt-spinning process, thereby improving the
convenience of the finishing processing (e.g., improving the
dyeability of fibers).

The phase change composition includes 450 parts by
weight to 550 parts by weight of the polytetrahydrofuran
derivative and 5 parts by weight to 20 parts by weight of the
succinic anhydride derivative. Specifically, the phase change
composition may include a first structural unit represented
by formula (1),

formula (1)

in which n 1s a positive integer between 25 and 48. Since the
polytetrahydrofuran derivative has a linear structure, the
phase change composition formed by the polytetrahydro

furan derivative can be induced to have a linear structure,
which can increase the intermolecular force between the
polymers and increase the latent heat during the phase
conversion. In some embodiments, a weight average
molecular weight of the polytetrahydrofuran derivative may
be between 1800 g/mole and 3200 g/mole to provide good
reactivity for its precursor (e.g., polytetrahydrofuran), such
that the phase change composition formed by the precursor
has the atorementioned suitable weight average molecular
weight.

In some embodiments, the phase change composition may
turther include 9 parts by weight to 20 parts by weight of a
maleic anhydride derivative. Specifically, the phase change
composition ncludes 0.25 parts by mole to 0.99 parts by
mole of a first structural unit and 0.01 parts by mole to 0.75
parts by mole of a second structural unit, 1n which the first
structural unit 1s represented by formula (1),

formula (1)
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the second structural unit 1s represented by formula (2),

formula (2)

and n 1s a positive integer between 25 and 48. As such, the
phase change composition having the maleic anhydride
derivative can provide a good temperature regulating prop-
erty, and can have the various advantages as those of the
aforementioned phase change composition.

In some embodiments, the phase change composition may
turther include 10 parts by weight to 25 parts by weight of
a linear fatty acid derivative. Specifically, the phase change
composition includes 0.40 parts by mole to 0.80 parts by
mole of a first structural unit, 0.01 parts by mole to 0.40 parts
by mole of a second structural unit, and 0.18 parts by mole
to 0.22 parts by mole of a third structural unit, 1n which the
first structural unit 1s represented by formula (1),

O
8 O
WOM \-*»I::
O

the second structural unit 1s represented by formula (2),

O
% O
\W\OM \,I,?
O

the third structural unit 1s represented by formula (3),

formula (1)

formula (2)

formula (3)

O x
*W \[./\/\O']j
O

and n 1s a positive iteger between 25 and 48. Since the
linear fatty acid derivative has a linear structure, the latent
heat during the phase conversion is increased. The phase
change composition having the linear fatty acid denivative
can provide a good temperature regulating property, and can
have the various advantages as those of the aforementioned
phase change composition.

In some embodiments, a polytetrahydrofuran, a succinic
anhydride, a maleic anhydride, and/or a linear fatty acid
derivative may be mixed by the above ratio and dissolved 1n
a suitable amount of toluene to undergo an esterification
reaction, and thus the phase change composition can be
obtained. In some embodiments, the phase change compo-
sition can be ensured to have a linear structure by adjusting
the addition amount of the succinic anhydride to be greater
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than the addition amount of the maleic anhydride, thereby
enhancing the latent heat during the phase conversion. In
some embodiments, the reaction can be prompted to proceed
fast and completely by adding a protonic acid and being
performed under an azeotropic reflux reaction.

In some embodiments, a phase change temperature of the
phase change composition may be between 21° C. and 29°
C., thereby providing suitable phase change temperature for
the temperature regulating nylon fiber, so as to be applied to
products such as wearable thermal fabrics, and meet the
wearing needs of the users. Specifically, 1n some embodi-
ments, a phase change temperature of the temperature regu-
lating nylon fiber may be between 27° C. and 29° C. In some
embodiments, a latent heat of the phase change composition
may be between 60 J/g and 95 J/g. As such, during the phase
conversion process, the phase change composition can have
a characteristic of absorbing a certain amount of heat to
achieve a good temperature bufllering effect, and further
make the temperature regulating nylon fiber have a good
temperature regulating property. Specifically, i some
embodiments, an enthalpy of the temperature regulating
nylon fiber may be between 3 J/g and 8 J/g within the phase
change temperature range of the phase change composition.

In some embodiments, an 1nitial pyrolysis temperature of
the phase change composition may be between 260° C. and
330° C., and a maximum pyrolysis temperature of the phase
change composition may be between 350° C. and 410° C.
The phase change composition with the above pyrolysis
temperature can have good heat resistance, so as to avoid
pyrolysis and flashover during the melt-spinning process to
ensure the safety and stability of the manufacturing process.
In some embodiments, a viscosity of the phase change
composition may be between 14000 cP and 135000 cP at a
temperature of 56° C., such that the phase change compo-
sition has good spinnability to produce a temperature regu-
lating nylon fiber with high vyield rate.

In the following descriptions, multiple embodiments and
comparative examples are listed to verily the eflicacies of
the present disclosure. Embodiments 1 to 5 are the phase
change compositions of the present disclosure, and embodi-

ments 6 to 9 are the temperature regulating nylon fibers of
the present disclosure. In detail, the temperature regulating
nylon fibers ol embodiments 6 to 9 are respectively fabri-
cated by doping the phase change composition of embodi-
ment 4 into the fiber body by different contents. In addition,
comparative example 1 1s a commercially available phase
change material, and comparative example 2 1s a commer-
cially available polyester fiber. The components and con-
tents of each embodiment and comparative example are
shown 1n Table 1.

TABLE 1
polytetra- SUCCINIC maleic linear
hydrofuran anhydride  anhydride  {fatty acid
derivative derivative  derivative  derivative
embodiment 1 500 12.51 12.25 0
(M.W. 2000)
embodiment 2 500 6.25 18.38 0
(M.W. 2000)
embodiment 3 500 10.01 9.80 14.22
(M.W. 2000)
embodiment 4 500 16.68 0 0
(M.W. 3000)
embodiment 5 500 8.34 0 23.71
(M.W. 3000)
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TABLE 1-continued

comparative commercially available phase change

example 1 material: octadecane
contents of the phase change composition
of embodiment 4 (based on 100 parts by

welght of the fiber)

embodiment 6 6

embodiment 7 8

embodiment & 10

embodiment 9 12

comparative 0

example 2

Note I:

the unit of the content of each component 1s parts by weight

Note 2:

the temperature regulating nylon fibers of embodiments 6 to 9 are continuous filament with
single component

Note 3:

the polyester fiber of comparative example 2 1s a sheath-core short fiber with two

components, in which the phase change material 15 1n the core layer and 1s octadecane
Note 4:

the term “M.W.” stands for “molecular weight”

<Experiment 1: Thermal Property Analysis for the Phase
Change Composition>

In this experiment, the main phase change temperature
and the enthalpy (latent heat) of the phase change compo-
sitions of embodiments 1 to 5 and the phase change material
of comparative example 1 are measured through differential
scanning calorimetry (DSC), and the pyrolysis temperature
of the phase change compositions of embodiments 1 to 5 and
the phase change material of comparative example 1 are
measured through thermogravimetric analysis (T'GA). The
measurement results are shown 1n Table 2.

TABLE 2
main initial mMAaximuim
phase change pyrolysis pyrolysis
temperature enthalpy temperature temperature
® C.) (J/g) ° C.) (° C.)
embodiment 1 228 64.80 282 370
embodiment 2 23.1 64.40 327 410
embodiment 3 21.0 69.30 266 350
embodiment 4 28.1 03.30 313 408
embodiment 5 27.9 86.39 290 390
comparative 30.7 213.7 90 151
example 1

As shown 1n Table 2, the phase change compositions of
embodiments 1 to 5 have appropriate phase change tem-
perature and certain enthalpy (latent heat) to meet the
wearing needs of the users and be able to achieve a good
temperature bullering effect. In addition, compared to the
phase change material of comparative example 1, the phase
change compositions of embodiments 1 to 5 have signifi-
cantly larger imitial pyrolysis temperature and maximum
pyrolysis temperature, indicating that the phase change
compositions of embodiments 1 to 5 have better heat resis-
tance, thus avoiding pyrolysis and flashover during the
melt-spinning process to ensure the safety and stability of
the manufacturing process, and hence improve the yield rate
of the temperature regulating nylon fiber.
<Experiment 2: Thermal Property Analysis of the Fiber>

In this experiment, the main phase change temperature,
the enthalpy, the fiber strength, the fiber drawing ratio, and
the fiber fitness of the temperature regulating nylon fibers of
embodiments 6 to 9 and/or the polyester fiber of compara-
tive example 2 are measured. The measurement results are
shown 1n Table 3.
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TABLE 3
main fiber
phase change fiber drawing fiber
temperature  enthalpy strength  ratio fithess
(° C.) (J/g) (g/d) (%)  (d/244)
embodiment 6 27.9 3.01 3.92 50.7 70.9
embodiment 7 28.3 4.51 3.74 51.9 70.77
embodiment & 284 6.81 3.69 35.8 05.1
embodiment 9 2%8.1 7.37 3.49 49 .8 79.1
comparative 26.4/32.9 0.29/0.57 N/A N/A N/A
example 2
Note 1:

the polyester fiber of comparative example 2 has two main phase change temperature and
two corresponding enthalpy

As shown 1n Table 3, the temperature regulating nylon
fibers of embodiments 6 to 9 have suitable phase change
temperature to meet the wearing needs of the users. In
addition, compared to the polyester fiber of example 2, the
temperature regulating nylon fibers of embodiments 6 to 9
have sigmificantly larger enthalpy, indicating that the tem-
perature regulating nylon fibers of embodiments 6 to 9 have
better heat resistance to achieve a better temperature regu-
lating property. In embodiments 6 to 9, the fiber strength
may be between 3.4 g/d and 4.0 g/d, the fiber drawing ratio
may be between 35% and 52%, and the fiber fitness may be
between 70d/241 and 96d/241, indicating that the tempera-
ture regulating nylon fiber of the present disclosure meet the
industrial standards and has good applicability.

According to the aforementioned embodiments of the
present disclosure, the temperature regulating nylon fiber of
the present disclosure includes the fiber body and the phase

change composition doped in the fiber body. The phase

change composition includes the polytetrahydrofuran

derivative and the succinic anhydride derivative, and may

optionally include the maleic anhydride derivatives and the
linear fatty acid denivative. The phase change composition
of the present disclosure has good heat resistance and phase
conversion between solid and elastomer (colloid) states,
thereby providing high manufacturing convemence for the
temperature regulating nylon fiber. In addition, the fabric
tabricated by the temperature regulating nylon fiber of the
present disclosure can achieve a good warmth retention

ellect and portability.

Although the present disclosure has been described 1n
considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present disclosure without departing from the scope or
spirit of the disclosure. In view of the foregoing, it 1s
intended that the present disclosure covers modifications and
variations of this disclosure provided they fall within the
scope of the following claims.
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What 1s claimed 1s:

1. A temperature regulating nylon fiber, comprising:

a fiber body; and

a phase change composition doped 1n the fiber body, the
phase change composition comprises:
450 parts by weight to 550 parts by weight of a

polytetrahydrofuran derivative; and

> parts by weight to 20 parts by weight of a succinic

anhydrnide derivative,
wherein based on 100 parts by weight of the temperature

regulating nylon fiber, a content of the phase change
composition 1s between 6 parts by weight and 12 parts

by weight.

2. The temperature regulating nylon fiber of claim 1,
wherein a phase change temperature of the phase change
composition 1s between 21° C. and 29° C.

3. The temperature regulating nylon fiber of claim 1,
wherein a latent heat of the phase change composition 1s
between 60 J/g and 95 J/g.

4. The temperature regulating nylon fiber of claim 1,
wherein an mitial pyrolysis temperature of the phase change
composition 1s between 260° C. and 330° C., and a maxi-
mum pyrolysis temperature of the phase change composition
1s between 350° C. and 410° C.

5. The temperature regulating nylon fiber of claim 1,
wherein a weight average molecular weight of the polytet-
rahydrofuran derivative 1s between 1800 g/mole and 3200
g/mole.

6. The temperature regulating nylon fiber of claim 1,
wherein a weight average molecular weight of the phase
change composition 1s between 20000 g/mole and 30000
g/mole.

7. The temperature regulating nylon fiber of claim 1,
wherein the phase change composition comprises 9 parts by
weilght to 20 parts by weight of a maleic anhydride deriva-
tive.

8. The temperature regulating nylon fiber of claim 7,
wherein the phase change composition comprises:

0.25 parts by mole to 0.99 parts by mole of a first

structural unit, the first structural unit 1s represented by
formula (1),

formula (1)

and
0.01 parts by mole to 0.75 parts by mole of a second

structural umit, the second structural unit 1s represented
by formula (2),
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formula (2)

wherein n 1s a positive mteger between 235 and 48.

9. The temperature regulating nylon fiber of claim 1,
wherein the phase change composition comprises 10 parts
by weight to 25 parts by weight of a linear fatty acid

derivative.
10. The temperature regulating nylon fiber of claim 9,
wherein the phase change composition comprises:
0.40 parts by mole to 0.80 parts by mole of a first
structural unit, the first structural unit 1s represented by
formula (1),

O
G O
\[‘/\/\OHJ\/\H/ \*;
O

0.01 parts by mole to 0.40 parts by mole of a second

structural umit, the second structural unit 1s represented
by formula (2),

O
® O
\[‘/\/\OHI\/\H/ \*;
O

and
0.18 parts by mole to 0.22 parts by mole of a third
structural unit, the third structural unit 1s represented by
formula (3),

formula (1)

formula (2)

formula (3)

O ¥,
-4:/{,%'.( \l/\/\o,]j
O

wherein n 1s a positive mteger between 25 and 48.

¥ ¥ # ¥ ¥
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